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Erratum : Squeezing and entanglement delay using slow light
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ARC COE for Quantum-Atom Optics, Australian National University, Canberra, ACT 0200, Australia
(Dated: July 23, 2018)
An inconsistency was found in the equations used to calculate the variance of the quadrature
fluctuations of a field propagating through a medium demonstrating electromagnetically induced
transparency (EIT). The decoherence term used in our original paper introduces inconsistency under
weak probe approximation. In this erratum we give the Bloch equations with the correct dephasing
terms. The conclusions of the original paper remain the same. Both entanglement and squeezing
can be delayed and preserved using EIT without adding noise when the decoherence rate is small
γγ′bc/Ωc ≪ 1.
In our original paper [1], we intended to describe a
model where decoherence between the two ground states
arises only from off-diagonal terms in the atomic density
matrix. That is, the dephasing was supposed to be due
to effects such as elastic collisions that cannot change the
populations of the two ground states, only their relative
phase. This type of dephasing is the dominant source of
loss in current experiments in vapor cells [2]. In our Bloch
equation, we instead included dephasing terms that al-
lowed population transfer between the two ground states
due to inelastic collisions between atoms. In this erratum
we show that allowing these population transfer terms
leads to an inconsistency in the equations derived un-
der the weak probe approximation. We then modify the
Bloch equations in our original paper to use off-diagonal
dephasing only, and recalculate the noise added to the
field. If one solves for 〈σba〉 using Eq.(4) and (5) of our
original paper, and substitutes back into the equations of
motion for the populations, the weak probe approxima-
tion yields
〈σbb〉 =
−2g2
γbaγbc + |Ω2c |
|〈Eˆ〉|2. (1)
This relation contradicts our weak probe approximation
since it assumes that almost all the population is in state
|b〉 throughout the process. The spectral variance of the
output field is
Sout(ω) = Sin(ω)e
−2ℜ{Λ(ω)}L
+(1− e−2ℜ{Λ(ω)}L)
(
1−
γbc(ω
2 + γ2
bc
)
γ(ω2 + γ2
bc
) + γbc|Ωc|2
)
,
(2)
which violates the canonical commutation relation.
We now solve the Heisenberg-Bloch equations using
off-diagonal dephasing only, with the dephasing rate de-
noted by γ′
bc
. The revised Heisenberg-Bloch equations of
motion are
˙ˆσbb = γbσˆaa − igEˆσˆab + ig
∗Eˆ†σˆba + Fˆbb
˙ˆσcc = γcσˆaa − iΩcσˆac + iΩ
∗
c
σˆca + Fˆcc
˙ˆσba = −γbaσˆba + igEˆ(σˆbb − σˆaa) + iΩcσˆbc + Fˆba
˙ˆσbc = −γ
′
bcσˆbc − igEˆσˆac + iΩ
∗
c σˆba + Fˆbc
˙ˆσac = −γacσˆac − ig
∗Eˆ†σˆbc + iΩ
∗
c
(σˆaa − σˆcc) + Fˆac(
∂
∂t
+ c
∂
∂z
)
Eˆ = ig∗Nσˆba (3)
Following the same approach as the original paper we
can obtain a set of three closed equations under the weak
probe approximation. Substituting 〈σba〉 into the equa-
tions of motion for the population equations in the steady
state regime, we find that the equations are now valid to
second order in the weak probe approximation. When
calculating the variance of the output field we find
Sout(ω) = Sin(ω)e
−2ℜ{Λ(ω)}L
+(1− e−2ℜ{Λ(ω)}L). (4)
Our conclusion is similar to our previous paper. This
treatment of the propagation of light through a three
level system shows that no additional noise is introduced
into the light field beyond that which is necessary to pre-
serve the canonical commutation relation of the field at
the output.
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